Vortex Visualisation of an Actual Flight Soccer Ball Takeshi ASAI (University of Tsukuba) ABSTRACT The purpose of this study is to discuss the aerodynamic characteristics of soccer ball using a visualization method of the vortex structure around the real flight soccer ball in high Reynolds number. A visualisation experiment using titanium tetrachloride was conducted in order to visualise the flow around the soccer ball during flight. A soccer ball was placed directly in front of a soccer goal 25 m away and we had a subject perform a straight kick that involved virtually no rotation kick. A high speed video camera was set up at a midpoint between where the ball was placed and the soccer goal, and photographs were taken at 1,000 fps. By calculating the number of vortex shedding from this broad angle view, A horseshoe vortex on smooth sphere was observed in the range 380000 < Re <1000000 (Taneda,1978) . However, the vortex structure behind the soccer ball in super critical Re number region might be a distorted loop vortex.
Keywords Soccer, Ball, Vortex, Re.
1.Introduction
Concerning the vortex structure of smooth sphere, Achenbach (1974) had shown that the complex vortex loops and sheets to a vortex configuration when the Reynolds number {Re) is 10 3 , and when the Reynolds number is 5x10 4 , the separation points will rotate. Taneda (1978) reported that when the Reynolds number is about 10 4 to 3.8xl0 5 , the sphere wake performs a progressive wave motion in a plane containing the streamwise axis through the centre of the sphere. The plane rotates slowly and irregularly about that axis. The wave length equals about 4.5 times the sphere diameter. At
Reynolds numbers ranging from 3.8xl0 5 to IO 6 , the sphere wake forms a pair of streamwise line vortices at a short distance from the streamwise axis.
et al. (2003) had shown, using large eddy simulation for a
Reynolds number of 10 4 that the large-scale structure of the wake is in a spiral flow pattern. However, the vortex structure of a soccer ball is not clear on both the near-wake and the far-wake, and it is speculated that the vortex structure is highly related to the trajectory and dynamics.
The flight trajectory of a non-spinning or slowly spinning soccer ball may fluctuate in unpredictable ways.
Such anomalous horizontal shaking or rapid falling is ascribed to a phenomenon called the 'knuckling effect' (Mehta,1985) . However, the aerodynamic properties and boundary-layer dynamics of the knuckling effect ball are not well-understood. The purpose of this study is to analyse the characteristics of vortex shedding and far-wake structure of the knuckling effect ball using high-speed video images and titanium tetrachloride (Asai et al.y 2007) .
Methods
A soccer ball was placed directly in front of a soccer goal 2y m away and we had a subject perform a straight kick that involved virtually no rotation ( Figure I ). That kicks were placement kicks delivered at the same velocity, as would occur in a real game. Two high-speed video cameras were set up at side of ball trajectory between where the ball was placed and the soccer goal, and photographs were taken at 1,000 fps and a resolution of 1024 x 1024 pixels.
A visualisation technique using titanium tetrachloride was also conducted in order to visualise the flow around the soccer ball during flight. The experimental procedure was as follows.
Each soccer ball was brush-painted with titanium tetrachloride, placed on a designated spot and then kicked towards a goal. As the ball flew towards the goal, the air flow around it was revealed by white smoke produced by the titanium tetrachloride. Photographs were taken using a high-speed video camera. Finally, the ball was collected and cleaned. 
Conclusion

